Introduction {#Sec1}
============

Nasopharyngeal carcinoma (NPC) is endemic to the south of China and Asia; an NPC incidence of 2 per million people in China has been reported^[@CR1]^. More than 70% of the newly diagnosed cases are classified as locoregionally advanced disease^[@CR2]^. Concurrent chemoradiotherapy is the standard treatment for locally advanced nasopharyngeal carcinoma^[@CR3]^. However, in some patients, the disease progresses within a few years after chemoradiotherapy. Therefore, identifying a prognostic model for early progression would allow for a better therapeutic plan.

The TNM staging system of NPC is the most important model for survival prediction. However, this model does not consider the biological variability of the tumor itself. The prognosis of patients at the same stage receiving the same treatment varies greatly. Therefore, another prognostic model, based on the TNM staging system combined with other prognosis factors, has been evaluated^[@CR4]^; however, this model was not validated and has limited clinical applicability. Therefore, in this study, we established and validated a nomogram for locoregionally advanced NPC patients who received intensity-modulated radiation therapy (IMRT) and chemotherapy.

Results {#Sec2}
=======

Baseline characteristics of the patients {#Sec3}
----------------------------------------

A total of 487 cases were included in this research. According to the ratio of 3:1, all of the cases were randomly divided into the primary cohort (n = 365) and the validation cohort (n = 122). Twenty-six patients underwent radiotherapy without chemotherapy due to advanced age or other reasons; 146 patients underwent concurrent chemoradiotherapy (CCRT) and 315 patients underwent adjuvant chemotherapy (AC) following CCRT. The baseline characteristics between the two cohorts were not significantly different (Table [1](#Tab1){ref-type="table"}).Table 1Baseline characteristics of the patients.characteristicPrimary cohort (No. of patients)Validation cohort (No. of patients)X2P valueNo.365122Age0.4330.511\<50 years20163≥50 years16459Sex0.9140.339male27988female8634Stage0.3610.548III18365IV18257T-stage2.7480.097T1-29623T3-426999N-stage0.0000.989N0-18428N2-328194Adjuvant chemotherapy3.3540.067yes23088no13534

Survival outcomes {#Sec4}
-----------------

The median follow-up time was 55.7 months (range 3.09--91.7 months). The 1-year, 3-year, and 5-year overall survival (OS) rate were 98%, 87%, and 82%, respectively. The median follow-up time in the primary cohort was 55.5 months (range 3.42--91.6 months), and the 1-year, 3-year, and 5-year OS rate were 98%, 87% and 82%, respectively. At the end of follow-up, there were 64 deaths, of those, 50 cases have the tumor-related deaths. The median follow-up time in the validation cohort was 56.4 months (range 3.09--91.7 months), and the 1-year, 3-year, and 5-year OS rate were 98%, 88% and 82%, respectively. At the end of follow-up, 22 patients died, of those, 15 patients died of tumor-related causes.

Independent prognostic factors in the primary cohort {#Sec5}
----------------------------------------------------

Univariate analysis showed that age, stage, T-stage, N-stage, peripheral neutrophil--lymphocyte ratio (NLR), lactic dehydrogenase (LDH), and serum albumin (ALB), were associated with OS. Multivariable analyses continued to demonstrate that age, T-stage, N-stage, NLR, and LDH were independent prognostic factors for OS (Table [2](#Tab2){ref-type="table"}). Proportional hazards assumptions were tested and found to be appropriate.Table 2Univariate and multivariate analysis of the primary cohort.variableOS (univariate analysis)OS (multivariate analysis)X2P valueHR (95% CI)P valueSex1.3540.245N/AN/AAge14.573\<0.0012.384 (1.399--4.061)0.001Stage7.0530.0081.422 (0.820--2.464)0.210T12/T347.2960.0072.397 (1.089--5.273)0.030N01/N234.3280.0362.833 (1.329--6.036)0.007NLR12.172\<0.0011.908 (1.145--3.177)0.013LDH8.4380.0042.437 (1.271--4.634)0.007ALB8.3320.0040.614 (0.364--1.035)0.067N/ASF0.3310.565N/AAdjuvantchemotherapy1.5820.209N/AN/AN/A: Not applicable.

Development of a nomogram for OS {#Sec6}
--------------------------------

On the basis of the multivariate analysis results, the OS prognostic nomogram was built using R 3.4.2 with the survival and rms package (Fig. [1](#Fig1){ref-type="fig"}). Within these variables, each subtype assigns a score on the score table (Table [3](#Tab3){ref-type="table"}). By adding up the total score and positioning it on the total scale, we can easily draw a line to determine the probability of survival at each point in time. The C-index of the nomogram for OS was 0.726 (95% CI, 0.690 to 0.762). The akaike information criterion (AIC)value of the nomogram for OS was 695.15. Calibration plots revealed superb agreement between the nomogram predicted probabilities and the actual observations of 5-year OS (Fig. [2](#Fig2){ref-type="fig"}).Figure 1Prognostic nomogram of survival probabilities at 3-year and 5-year in patients with NPC.Table 3Point assignment from nomograms and prognostic score.CharacteristicsPrimary cohort (No of patients)validation cohort (No of patients)score5-year OS**NLR**≥2.73109356975%\<2.7325687085%**LDH**≥24534127067%\<245331110084%**Age**≥50years164598974%\<50years20163089%**Tstage**T1-29623088%T3-4269999780%**Nstage**N0-18428085%N2-32819410081%**OSstatus**live301100dead6422**Risk groups**Low risk8119\<21696%Intermediate risk25084216--30681%High risk3419≥30660%Figure 2Calibration plots of survival probabilities at 5-year in patients with NPC.

Validation of the nomogram for OS {#Sec7}
---------------------------------

The nomogram was externally validated in the validation cohort by computing the bootstrap C statistic and calibration plot. The C-index of the nomogram for predicting 5-year OS was 0.646 (95% CI, 0.534 to 0.759), The calibration curve indicated that the nomogram was well calibrated; the 5-year OS showed an optimal agreement between the actual observations and the nomogram prediction (Fig. [3](#Fig3){ref-type="fig"}).Figure 3External validation of the nomogram to predict 5-year OS likelihoods in patients with NPC in the validation cohort.

Comparison of predictive accuracy for OS between the nomogram and TNM staging system {#Sec8}
------------------------------------------------------------------------------------

The TNM staging systems showed good prognostic stratification for patients. The C-index for the TNM staging system was 0.632 (95% CI: 0.599 to 0.665), and the AIC value of TNM staging system for OS was 717.31. The C-index for the TNM staging system was significantly lower than the C-index for the nomogram (0.726, P \< 0.001). By the proposed nomogram, a wider range of predicted survival than AJCC staging system could be clearly identified within each TNM categories (Fig. [4](#Fig4){ref-type="fig"}). To determine whether or not the nomogram resulted in better prediction than the TNM staging system, we calculated both the NRI and IDI; the NRI was 0.235 (95% CI: 0.129 to 0.396, P \< 0.001), and the IDI was 0.079 (95% CI: 0.034 to 0.396, p \< 0.001).Figure 4Distribution of nomogram-predicted 5-year overall survival within each AJCC stage grouping.

Performance of the nomogram in stratifying risk of patients {#Sec9}
-----------------------------------------------------------

The nomogram for OS had good predictive value. On the basis of the scores estimated from the developed nomogram for OS, the whole series of patients could be categorized into 3 risk groups by a recursive partitioning analysis (RPA) (Fig. [5](#Fig5){ref-type="fig"}). The 5-year OS rate for the low, intermediate, and high-risk groups were 96%, 81%, 60%, respectively (P \< 0.05). In the subgroup analysis, we found that, compared with concurrent radiochemotherapy, adjuvant chemotherapy had significantly improved survival in high-risk group patients (P = 0.022) (Fig. [5](#Fig5){ref-type="fig"}).Figure 5RPA-generated risk stratification of patients with NPC for predicting 5-year OS.

Discussion {#Sec10}
==========

In this research, we developed a nomogram for locoregionally advanced NPC patients who underwent IMRT and chemotherapy. This nomogram aimed to estimate the probability of 5-year OS based on a multivariate Cox proportional hazards model that included five clinical variables. There are several prognostic nomograms for NPC^[@CR4]--[@CR9]^. Tang's^[@CR5]^ research developed a nomogram with or without EBV DNA for disease-free survival (DFS) prediction using the variables of age, sex, body mass index (BMI), T-stage, N-stage, pretreatment hypersensitive C-reactive protein (hs-CRP), LDH, hemoglobin levels and plasma epstein-barr virus (EBV) DNA, but only 34% of patients were treated with IMRT. CRP is a type of acute-phase protein and is a sensitive but nonspecific inflammatory marker. Recently, the combination of CRP and albumin has been used to develop the Glasgow prognosis scoring system (GPS) for the study of tumor prognosis. Yang^[@CR6]^ also developed a nomogram for OS and DMFS based on the variables of age, sex, LDH, CRP, T-stage, N-stage, and EBV DNA. Similar to Tang's research, radiotherapy treatment was mixed with conventional radiotherapy, three-dimensional conformal radiotherapy (3DCRT) and IMRT. Wu *et al*.^[@CR10]^ found a significant correlation between elevated CRP levels and reduced OS, and developed a new N-C model for predicting survival based on CRP level and N stage. However, the model has not yet been validated. In addition, CRP is not routinely measured before treatment. Therefore, the clinical applicability of the prognostic models containing CRP is limited. Wu^[@CR7]^ developed a nomogram based on the UICC 2002 TNM staging system for OS in NPC patients who received IMRT; however, this nomogram did not specifically provide a treatment decision, only a means to evaluate individual patient outcomes after IMRT.

In certain types of cancer, a nomogram has been developed and shown a more accurate prognosis than the traditional TNM staging system. The TNM staging system considers only anatomical information, and it is far from individualized risk stratification and determining precise therapeutic guidelines for targeted patients. We established a prognostic nomogram for OS, combining all confirmed prognostic factors (age, LDH and NLR), which had better prognostic efficiency than the TNM staging system and had a higher C-index and lower AIC value. To compare different prediction models, the improvement in discrimination can be assessed by quantifying an incremental value such as the change in the C-index. All of the published comparisons between nomograms for NPC and the TNM staging system were based on the C-index. Recently, a number of new measures for quantifying the added value from new markers were proposed, including the IDI and the NRI. These two measures have drawn much attention in the medical research, especially in the evaluation of markers for cardiovascular disease progression^[@CR11]--[@CR13]^.

We used the NRI and IDI to quantify the improved survival prognostication for all confirmed prognostic factors incorporated into the TNM staging system. The incorporation of age, LDH, and NLR into the TNM staging system resulted in an NRI of 0.444 (95% CI: 0.209 to 0.661, P = 0.01), and an IDI of 0.073 (95% CI: 0.022 to 0.129, P \< 0.01). These statistics indicate that the nomogram improved the prognostic value compared to the TNM staging system. To the best of our knowledge, this study is the first attempt to quantify the improved survival prognostication of a nomogram compared to the TNM staging system.

The establishment of a nomogram prognostic model should not only assess the patient's survival but, more importantly, provide guidance for the treatment. The clinical practice of locoregionally advanced NPC patients has involved the application of various chemoradiotherapy regimens. However, the optimal chemotherapy regimen and treatment plan are not standardized. The long-term results of a phase 3 multicenter randomized controlled trial showed that adjuvant chemotherapy failed to demonstrate a significant survival benefit for locoregionally advanced NPC patients^[@CR14]^. However, some studies have conducted a stratified analysis and found that some patients with high-risk factors may benefit from adjuvant chemotherapy^[@CR15],[@CR16]^. In our study, 461 patients underwent CCRT with or without AC; we were trying to find the patients who can benefit from adjuvant chemotherapy. According to the RPA-generated stratification based on OS, the patients were categorized into low, intermediate and high-risk groups. In subgroup analysis, the high-risk group benefited from adjuvant chemotherapy. Although adjuvant chemotherapy on its own did not significantly associate with survival for the entire cohort, it was significant for patients in the high-risk group (Fig. [6](#Fig6){ref-type="fig"}). Figures [7](#Fig7){ref-type="fig"} and [8](#Fig8){ref-type="fig"} show the Kaplan-Meier survival curves for low, intermediate, and high risk groups in patients without adjuvant chemotherapy and patients with adjuvant chemotherapy. Adjuvant chemotherapy improved OS in the high-risk group obviously. According to TNM staging, stage III patients do not benefit from adjuvant chemotherapy, stage IV patients can benefit from adjuvant chemotherapy (Figs. [9](#Fig9){ref-type="fig"} and [10](#Fig10){ref-type="fig"}). Intergroup study 0099 reported that concurrent chemoradiotherapy followed by adjuvant chemotherapy delivered a significantly better 5-year OS benefit than radiotherapy alone (67% vs. 37%, respectively)^[@CR17]^. The efficacy of CCRT-AC regimen was also studied by Lee *et al*.^[@CR18],[@CR19]^ and Wee *et al*.^[@CR20]^. However, controversy exists regarding whether NPC patients can benefit from adjuvant chemotherapy. A long-term results of a phase 3 multicentre randomised controlled trial reported that adjuvant cisplatin and fluorouracil chemotherapy still failed to demonstrate significant survival benefit after CCRT in locoregionally advanced NPC based on the long-term follow-up data, and addition of adjuvant cisplatin and fluorouracil did not significantly increase late toxicities^[@CR14]^. Another two 10-year studies have confirmed that the addition of concurrent cisplatin plus adjuvant cisplatin-fluorouracil could significantly improve OS without excessive late toxicities for patients with regionally advanced NPC^[@CR19],[@CR21]^. Li *et al*. undertook a network meta-analysis to establish the optimal chemotherapy strategy in advanced NPC, they found that CCRT + AC achieved better overall survival than CCRT (HR, 0.82; 95% CI, 0.67--1.00). CCRT + AC ranked best for overall survival^[@CR22]^. In our opinion, not all locoregionally advanced NPC require adjuvant chemotherapy. A previous study of our team also confirmed that significant survival benefit of adjuvant chemotherapy after concurrent chemoradiotherapy in locally advanced high-risk nasopharyngeal carcinoma^[@CR23]^. Liu *et al*. also reported adjvant chemtherapy can reduce distant failure and improve overall survival in high-risk NPC patients^[@CR15]^. Currently, therapeutic decisions are based primarily on TNM stage. However, given tumor heterogeneity, similar stages patients have markedly different survival outcomes. The nomogram model established in this study can screen out high-risk groups requiring adjuvant chemotherapy and provide guidance for clinical treatment. These findings may help oncologists select therapeutic regimens for patients with loco-regionally advanced NPC. Further studies are warranted to determine the value of additional chemotherapy phases in specific patient subgroups.Figure 6Kaplan-Meier OS curves for high-risk group patients with NPC.Figure 7Kaplan-Meier survival curves for OS in the CCRT-along groups of low, intermediate and high risk.Figure 8Kaplan-Meier survival curves for OS in the CCRT + AC groups of low, intermediate and high risk.Figure 9Kaplan-Meier survival curves for OS in patients of stage III with or without AC.Figure 10Kaplan-Meier survival curves for OS in patients of stage IV with or without AC.

Although this nomogram model demonstrated good levels of accuracy for the prediction of OS, there are some limitations that must be considered. First, our study was a retrospective design in a single center. Second, another potentially valuable prognostic factor (EBV DNA) was not be considered. Increasing research studies have confirmed that plasma EBV DNA is an important marker for survival^[@CR24]--[@CR26]^. However, this is not a routine examination item in most centers, and not all patients have these relevant data. As quantitative plasma EBV DNA assays conducted at different clinical laboratories yielded large variability in copy number without harmonization and the assay had not been standardized. In different laboratories, the number of copies of EBV DNA varies greatly, and there is no uniform standard at present. Standardization of EBV DNA serology assays is needed to allow for comparability of results obtained in different translational research studies across laboratories and populations^[@CR27]^. Third, for linear variables that can be incorporated into multivariate regression models, such as age, it is necessary to further evaluate whether the nonlinear forms of these linear variables are more suitable for the inclusion model. When linear variables are transformed into nonlinear variables, percentile and other methods are commonly used to classify them. However, such classification is often subjective, important information may be lost, and selection bias may be introduced. To identify the least informative variables, we applied backward variable selection, with the intent of maximizing accuracy and promoting parsimony. This method yielded highly accurate and informative tools, which included only the key predictors without sacrificing accuracy or performance.

Additionally, the small sample size of patients analyzed could have possibly lowered the confidence levels of the validation derived from this study. Lastly, validation by a single institution does not provide strong evidence; a further large cohort, multi-institutional analysis is still required. We are conducting a lager cohort multi-centre clinical trial to establish a more specific prognostic model for nasopharyngeal carcinoma. external and prospective validation are needed.

Whether this nomograms can be applied to patients with distant metastasis or stage I-II, patients with two and three-dimensional conformal radiotherapy remains to be detemined.

Conclusion {#Sec11}
==========

A nomogram composed of age, LDH, NLR, T-stage and N-stage provided statistically significantly better discrimination than the current TNM staging system. The clinical usefulness of the nomogram needs to be validated in prospective studies.

Methods {#Sec12}
=======

The data of patients with newly diagnosed, nondisseminated, pathologically proven NPC who underwent IMRT and chemotherapy at the Affiliated Tumor Hospital of Guangxi Medical University between January 2010 and December 2012 were analyzed. Patients with a history of other malignancies and incomplete clinicopathologic data were excluded. All methods were in accordance with the relevant guidelines and regulations. This study was approved by the Ethics Committee of the Affiliated Tumor Hospital of Guangxi Medical University. All subjects have obtained informed consent.

Collection of pretreatment baseline parameters {#Sec13}
----------------------------------------------

The following clinicopathological information was collected from each patient before treatment: sex, age, American Joint Committee on Cancer (AJCC) staging, LDH, SF, ALB, neutrophil count, lymphocyte count, radiotherapy dosimetry and type of chemotherapy. The NLR was calculated as the ratio of absolute counts between the peripheral neutrophil and lymphocyte measurements.

Chemotherapy {#Sec14}
------------

Cisplatin (100 mg/m^2^) every three weeks was used for concurrent chemotherapy. Adjuvant chemotherapy included two or three cycles of cisplatin (80 mg/m^2^) on day 1 and 5-fluorouracil (750 mg/m^2^) daily for 4 consecutive days every four weeks.

Radiotherapy {#Sec15}
------------

All patients completed IMRT as planned. The gross tumor volume (GTV) and cervical lymph node tumor volume (GTVnd) were defined as the gross extent of the tumor shown by CT/MRI and physical examinations. The clinical target volume (CTV1) included the GTVnx plus 5 to 10 mm margins (forward, both sides, up and down) and a 3 to 5 mm margin (back). The CTV2 included the GTVnd, the lymphatic regions, and the CTV1 with 5 to 10 mm margins (forward, both sides, up and down) and a 3 to 5 mm margin (back). The planning target volume (PTV) was defined as the CTV plus a margin of 3 mm depending on the proximity of critical structures. The radiotherapy prescription dose was PGTVnx 70\~75.9 Gy/31\~32 f, PGTVnd 60\~73.6 Gy/30\~32 f, PCTV1 60\~68 Gy/30\~31 f, and PCTV2 54\~57.6 Gy/30\~31 f.

Follow up {#Sec16}
---------

All patients were assessed every 3 months during the first 2 years, every 6 months for the 3 subsequent years, and annually thereafter in clinic visits and telephone interviews. Physical examination, laboratory tests, and imaging were performed at every clinic visit. OS was measured from the date of diagnosis to the date of death or last follow-up, whichever occurred first.

Statistical analysis {#Sec17}
--------------------

We included eight potential predictors in this analysis according to Harrell's guidelines that the number of predictors should be less than ten times the number of deaths. Continuous variables were converted into categorical variables according to the median (age), and findings reported in previous studies (NLR^[@CR28]^, LDH, SF and ALB^[@CR29]^).

All statistical analyses were performed using SPSS 18.0 for Windows (SPSS, Chicago, IL) and R 3.4.3. Categorical variables were compared using the Chi-square test or Fisher's exact test. Survival curves were depicted using the Kaplan-Meier method and compared using the log-rank test. Cox regression analysis was used for multivariate analyses. Proportional hazards assumptions were tested by using log minus log survival plots and time-by-covariate interactions^[@CR30]^. A nomogram was formulated based on the results of multivariate analysis and by using the rms package in R version 2.14.1 (<http://www.r-project.org/>). A final model selection was performed by a backward step-down selection process using the Akaike information criterion (AIC)^[@CR31]^. The performance of the nomogram was measured by the concordance index (C-index) and assessed by comparing nomogram-predicted versus observed Kaplan-Meier estimates of survival probability. Bootstraps with 1,000 resamples were used for these activities. Comparisons between the nomogram and the TNM staging system were performed with the rcorrp.cens package in Hmisc in R and were evaluated by the C-index. The larger the C-index, the more accurate the prognostic prediction was. During the external validation of the nomogram, the total points for each patient in the validation cohort were calculated according to the established nomogram. Then, Cox regression was performed on this cohort using the total points as a factor. Finally, the C-index and calibration curve were derived based on the regression analysis. P \< 0.05 was considered statistically significant. RPA was applied to categorize the patients into 3 risk groups (low, intermediate, and high-risk) using the rpart package in R. The continuous NRI and IDIindex were used to determine whether the addition of independent predictors improved the predictionof survival.
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